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Epithelial-to-mesenchymal transition Anoikis resistance 

Homing & metastasis-initiating 
potential 

Genomic heterogeneity 

Invasion/Intravasation ability 
(single CTCs and/or clusters) 

Phenotypic  diversity 

...  ... 

Liquid phase of tumor progression 

Alix-Panabieres & Pantel, Nature Rev. Cancer 2014 

 

The technical challenge:  

Finding one tumor cell in 106 – 108 normal blood cells  



Biological properties 
Protein expression 
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Alix-Panabieres & Pantel, Nature Rev. Cancer 2014 

 



CellCollector™ : In vivo capture of CTC 

Proof of principle data in breast, prostate, 

colon and lung cancer 



anti-tumor associated 
markers Ab 

anti-E/M markers Ab 

anti-tissue-specific 
markers Ab 

CTC 

(E.g., CK, Vimentin, E/N-Cadherin) 

(E.g., PSA, Mammaglobin, MAGE) 

(E.g., HER2, EGFR) 

Immunocytological 
technologies 

- Immunocytochemistry 
- CellSearch® system  
- Flow Cytometry 
- DEParray® 
 

Technologies 

Functional assays Molecular technologies 

Liquid bead array 

RNA-based Technologies 

CTC mRNA 

Xenotransplantation models (CDx) 

Viable CTC  
with stem-cell properties 

 

Cell culture 

anti-marker Abs 
(E.g., CK19, HER2, EGFR, VEGF, PSA) 

- EPISPOT 

Viable 
CTC 

- Invasion assay 

In vitro Cell Culture 

Fluo matrix 

Functional 
CTC 

Metastase
s 

RT-qPCR  
(single/multiple genes) 

Secreted protein 

days 

Immunospots Ab1 

Fluo Ab2 

Alix-Panabieres & Pantel, Nature Rev. Cancer 2014 

 

Approaches for CTC detection 



MagNestTM 

Epithelial Cell Kit 

Cristofanilli et al., NEJM, 2004 

Riethdorf et al., CCR, 2007 & 2010 

DeBono et al, CCR, 2008 

Cohen et al, JCO, 2008 

Krebs et al, JCO, 2012 

 

CellSearch™ System (FDA-cleared) 

Enrichment of CTC with 

anti-EpCAM ferro fluids 

7.5ml 



Prognostic value of CTC counts for survival 

in cancer patients with advanced disease 

 

Breast Cancer 
Cristofanilli, NEJM, 2004  

 

Prostate Cancer 
De Bono, Clin Can Res, 2008 

Colorectal Cancer 
Cohen, JCO, 2008 

 



Challenge of CTC detection: 

Epithelial-Mesenchymal Transition (EMT) 

of carcinoma cells 

 



Bednarz-Knoll, Alix-Panabières & Pantel Cancer & Met Rev 2012 

Epithelial-Mesenchymal Plasticity of CTC  

EpCAM, CK Vimentin 



EMT in prostate cancer: BRCA1 gene loss in 

vimentin-positive CTC 

FISH 

CK 
* 

* 

* 

* 

Bednarz/Pantel et al., Clin Cancer Res 2010 
FISH: BRCA1 CEP17 

VIM-pos. 

CTC: EMT ! 

CK-pos. 

CTC 

Immunocytochemistry 

Vimentin 



CTCs as intermediate 

endpoint for survival in 

clinical trials 

 

 

 

 

 



Circulating Tumor Cells (CTC) As An Endpoint in the 

Abiraterone Phase III trial (mCRPC patients) 

   

Abiraterone 1000 mg daily 

Prednisone 5 mg BID 

n = 797 

Primary end point: 

• OS (25% improvement;  

HR 0.8) 

Secondary/tertiary  

 end points: 

 TTPP, rPFS, PSA response 

•CTC enumeration 

Efficacy end points (ITT) 

 
Placebo daily 

Prednisone 5 mg BID 

n = 398 
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2:1 

• 1195 patients with    

progressive mCRPC 

 

• Failed 1 or 2 

chemotherapy 

regimens 

Planned Patients 

HR, hazard ratio; ITT, intent to treat;  H. Scher, ASCO 2011 



 

 
 Conversion Rates From Unfavorable (≥ 5 CTC)  

to Favorable (< 5 CTC) Were Significantly Higher With 

Abiraterone Acetate Relative to Placebo 

Week 4 Week 8 Week 12 

No. of patients with 

baseline CTC ≥ 5 

and a postbaseline 

CTC value 

422 374 330 

Conversion status 
AA  

(n = 272) 

Placebo  

(n = 150) 

AA  

(n = 245) 

Placebo 

 (n = 129) 

AA  

(n = 217) 

Placebo  

(n = 113) 

  Conversion  

 

        (n) 

42%  

 

(113) 

14%  

 

(21) 

50% 

 

(123) 

17% 

  

(22) 

48% 

 

(105) 

17% 

 

(19) 

    P value < 0.0001 < 0.0001 < 0.0001 

H. Scher, ASCO 2011 



CTCs as Surrogate Marker for Survival 

Baseline CTC ≥ 5 

Week 12 

(n = 321, CPE = 0.71 [SE = 0.014]) 

Model Factors HR (95% CI) p Value 

Treatment 1.030 (0.773, 1.372) 0.8371 

LDH_FC 1.247 (1.048, 1.483) 0.0127 

LDH_BL 3.044 (2.282, 4.056) <0.0001 

CTC Conversion 0.390 (0.289, 0.527) <0.0001 

CTC_BL 1.143 (0.988, 1.323) 0.0729 

Landmark analysis:   CTC conversion:   Baseline ≥ 5 and post-baseline < 5   

BL, Baseline:          FC, Fold change defined as post baseline/baseline value. 

H. Scher, ASCO 2011 



CTCs in non-metastatic 

disease 

 

 

 

 

 



ERA-NET TRANSCAN: CTC-SCAN Project 

High-risk Prostate Cancer (stage M0): 

 Prognostic value of CTCs  

Partners: Germany, France, Greece, Poland, Austria 



CellSearch 

Assay 

EpiSpot 

Assay 

Combined 

Results 

Distribution of CTC-positive cases among peripheral blood 

samples collected before and after performing biopsy  

CTC- CTC- 

 

P=0.009 

CTC+ 
CTC+ 

 



CTC detection 

                    CTC Capillary CTC 

WGA +  

- Mutation analysis 

- CGH (conv./array) 

- NextGen Sequencing 

 

Genomic Characterization of single CTC 

CTC isolation 



Alix-Panabières & Pantel, Clin 

Chem, 2013; Pantel & Alix-

Panabieres, Cancer Res. 2013  

CTC as Liquid Biopsy 

for metastatic cells 

Metastasis evolve many years 

after primary tumor resection 

and can harbor unique genomic 

alterations. 

 

Biopsy of metastases is an 

invasive and sometimes 

dangerous procedure. 

 

Can the molecular  

characterizaton of CTC 

reveal representative 

information 

on metastatic cells located at 

different sites ? 

 



Metastasis-initiating cells:  

EPCAMlow, CD44+, CD47+ and cMET+ 
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